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(57) ABSTRACT

The present invention relates to an espresso machine or a tully
automatic coflee machine having a grinder and an infusion
device comprising an infuser and an infusion chamber, which
1s characterized by a volume-determining portion designed to
determine the ground volume of a defined quantity of collee
powder ground by means of the grinder, a mass-determining
portion designed to determine the ground mass of this quan-
tity of cotlee powder, and a calculation portion with which, on
the basis of a predefined correlation, which 1s stored prefer-
ably 1n the calculation portion itself, between the grain size
distribution and/or the degree of grinding of ground colfee, on
the one hand, and the mass and the volume or a variable
derived from these two variables, in particular the density, of
ground coflee, on the other hand, there can be calculated from
the determined ground volume and from the determined
ground mass, the grain size distribution and/or the degree of
egrinding of this quantity of colfee powder.
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ESPRESSO MACHINE OR FULLY
AUTOMATIC COFFEE MACHINE HAVING
AUTOMATIC DETERMINATION OF THE
GRAIN SIZE DISTRIBUTION AND/OR THE
DEGREE OF GRINDING OF GROUND
COFFEL

BACKGROUND OF THE INVENTION

The present invention relates to an espresso machine or a
tully automatic cofiee machine having a grinder and an infu-
s1on device comprising an infuser and an infusion chamber.

The grain size distribution in a quantity of ground coffee
powder or of ground coffee beans has a decisive influence on
the infusion time of the coffee, the appearance and the taste of
the finished colfee drink (for example espresso, cafe creme).
This can be attributed to the fact that the grain si1ze distribution
determines inter alia the resistance of the ground cofiee which
the ground cofiee offers to the water when water flows
through the ground cofiee, and hence the infusion time of the
colfee.

Within the scope of the present invention, there 1s under-
stood by grain size distribution, the frequency distribution of
the average particle diameter of a defined quantity of ground
colfee beans. In the case of a prescribed grinding disc spacing
ol the grinder, this grain size distribution typically has, both in
the upper range of the gram s1zes (coarse proportion) and 1n
the lower range of the grain sizes (fine proportion), a local
maximum 1n the frequency distribution: the grain size distri-
bution can be characterised by the so-called x,, , value. This
value 1s defined such that 63.2% of the grains of a given grain
s1ze distribution have a smaller size than the X, , value. The
X3 » value can also be termed degree of grinding (also a
different size value characterising the grain size distribution
being able to be used as degree of grinding).

These two variables (grain size distribution and degree of
orinding) are also used synonymously subsequently for sim-
plification.

To date, the grain size distribution and/or the degree of
orinding which an espresso machine or a fully automatic
colfee machine delivers (such a machine 1s subsequently
termed alternatively also fully automatic coffee machine or in
brief coffee machine) has only been able to be assessed opti-
cally approximately or determined indirectly via the infusion
time. However the latter also depends upon the metered quan-
tity and the pressing force of the ground colfee 1n the infuser
of the cofiee machine. Adjustment of the grinder (subse-
quently also termed mill for simplification) of the coffee
machine during production of the same has to date been
cifected merely via the grinding disc spacing, 1.e. the spacing
of the imndividual grinding discs of the grinder.

However, the grain size distribution only correlates par-
tially with the spacing of the grinding discs and 1s subject to
turther non-adjustable variables, such as the plane-parallel-
1sm or the fine tooth depth of the respective pair of grinding
discs. Adjustment of the grain size distribution via the grind-
ing disc spacing cannot hence be ensured unequivocally and
reproducibly. Very different degrees of grinding 1n the output
of the coffee machine result therefrom despite the same
adjustment of the degree of grinding. Furthermore, further
factors, such as for example the type of beans or the degree of
roasting, influence the grain size distribution, however these
turther factors are known in part only to the end customer. The
degree of grinding 1s therefore adjusted only for the end
customer of the coffee machine at the moment according to
teeling (according to the taste of the cofiee, according to the
optical assessment of ground colfee grounds and/or accord-
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ing to the infusion time) by a customer services technician of
the manufacturer of the cotfiee machine. Upon changing the

type of beans or wear and tear of the grinding discs, renewed
adjustment of the degree of grinding 1s hence required.

BRIEF SUMMARY OF THE INVENTION.

The object of the present mnvention 1s therefore to make
available an espresso machine or a fully automatic coffee
machine which enables automatic determination of the grain
s1ze distribution, which therefore makes 1t possible that the
grain size distribution, which the respective grinder provides
at the moment and 1n the context of the type of beans used and
the given spacing of the grinding discs, can be determined and
possibly adapted also to a desired value. Furthermore, 1t 1s the
object of the mvention to make available a corresponding
method for determining the grain size distribution and/or the
degree of grinding.

This object 1s achieved by an espresso machine or a fully
automatic coffee machine according to claim 1 and by a
method according to claim 15. Advantageous embodiment
variants can be deduced respectively from the dependent
claims.

Subsequently, the present mvention 1s described firstly in
general, then with reference to an embodiment. The 1ndi-
vidual features which are produced in the embodiment in
combination with each other need not be produced precisely
in the shown combination, within the scope of the present
invention (the scope of which 1s established by the patent
claims), rather 1t can also be produced 1n different combina-
tions. Within the scope of the present invention, 1n particular
also mdividual features shown in the embodiment can be
omitted or used 1n a diflerent configuration.

The basic 1dea of the present invention 1s that the ground
colfee density (1.e. the density of ground coflee powder, mea-
sured for example in g/cm?) is inter alia dependent upon the
grain sizes which such a grinding comprises.

Therefore coarse grindings with a predominantly coarse
grain structure (predominantly large grains in the grain size
distribution) have a smaller mass 1n a specific cubic measure
than finer grindings (predominantly small grains in the grain
s1ze distribution), 1n the case of which smaller grains fill the
intermediate spaces better. In other words, the ground cotflee
density depends upon the grain size distribution; there 1s an
(at least approximately) unequivocal correlation between
these two vanables.

Within the scope of the present invention, there 1s under-
stood by the mass, the volume or the density of a defined
quantity of colfee powder, not exclusively the exact physical
value of the mass, the volume or the density of this quantity of
colfee powder but also variable values (characteristic of this
quantity of coflee powder) which are determined via the
measuring methods subsequently described also 1n detail and
which are 1n an unequivocal correlation with these exact
physical values and/or which unequivocally characterise
these exact physical values (i.e. for example variable values
which scale linearly with the exact physical values).

Hence 1t 1s not crucial in the present invention that the exact
density, the exact volume or the exact mass are determined but
that variable values unequivocally characterising these physi-
cal values are obtained and evaluated under unequivocal and
reproducible measuring conditions (e.g. with a defined press-
ing force).

Hence firstly by determining the mass and the volume of a
defined grinding (or of variables characterising these physical
values), the density or a variable of this grinding characteris-
ing said density can be determined and conclusions can be
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drawn from this density with respect to the grain size distri-
bution or the degree of grinding of the grinding.

For this purpose, the coflee machine according to the
invention has a volume-determining portion designed to
determine the ground volume of a quantity of ground coffee
powder, a mass-determining portion designed to determine
the ground mass of this quantity of coflee powder and a
calculation portion, wherein, with the latter, on the basis of a
predefined correlation between the grain size distribution
and/or the degree of grinding of a grinding, on the one hand,
and the mass and the volume or a variable, derived from these
two variables (e.g. the density), of the grinding, on the other
hand, there can be calculated from the ground volume deter-
mined with the volume-determining portion and the ground
mass ol the grinding determined with the mass-determining
portion, the grain size distribution and/or the degree of grind-
ing of the grinding.

The volume-determining portion, the mass-determining
portion and the calculation portion can thereby be produced
within the scope of an individual component assembly of the
colfee machine according to the invention. In an advanta-
geous variant, the volume determination and/or the mass
determination of the grinding or of the defined quantity of
colfee powder 1s effected in the infusion chamber of the
infusion device of the coffee machine. However, it 1s basically
also possible to provide, 1n the coffee machine, a separate
collection chamber (regarded with reference to the infusion
chamber) which 1s designed to receive a defined quantity of
ground collee powder and 1n which or with which the ground
volume and/or the ground mass can be determined.

Advantageously, this determination takes place with the
help of a pressing element which 1s designed to compress the
defined quantity of colfee powder in the collection chamber
(or in the mfusion chamber). This pressing element can con-
cern for example an infusion piston of the infusion device; the
infuser of the infusion device 1s designed 1n this case as an
infusion cylinder in which (as pressing element) the infusion
piston 1s displaceable.

As 15 described subsequently in more detail, the volume
determination of the defined quantity of coflee powder or of
the grinding (with the help of the volume-determining por-
tion) 1s effected advantageously by dry-pressing of the quan-
tity of coffee powder and by determining a position and/or a
travel path of the pressing element during or after such dry-
pressing of the quantity of coflee powder.

The mass determination of the defined quantity of collee
powder 1s effected advantageously on the basis of wet-press-
ing of the quantity of colfee powder and likewise on the basis
of determination of a position and/or of a travel path of the
pressing element after or during this wet-pressing. On the
basis of this position and/or this travel path, firstly the wet-
pressing volume of the pressed quantity of cotfee powder can
thereby be determined and, from this wet-pressing volume,
the ground mass, by means of a predefined correlation
between the mass of ground coflee, on the one hand, and the
wet-pressing volume of the ground cotiee, on the other hand.

Compression of the quantity of cotfiee powder during dry-
pressing and during wet-pressing 1s effected advantageously
at constant pressing forces, the quantity of cofiee powder 1n
the dry state being compressed with less pressing force than in
the wet state.

Preferably, with one and the same quantity of ground coi-
tee, firstly a dry-pressing process 1s implemented hereby 1n
order to determine the ground volume and subsequently (after
wetting this quantity of ground coflee) a wet-pressing process
in order to determine the ground coffee mass. Already from
these two values, a density value can be reliably determined,
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with which value the grain size distribution and/or the degree
of grinding can then be calculated with the above-described
correlation.

However, 1t 1s of course also possible to implement 1n
succession respectively dry-pressing and wet-pressing with a
plurality of defined quantities of coffee powder, hence to
determine a plurality of individual density values as described
above and then to average these density values. From the
corresponding average, the degree of grinding or the grain
s1ze distribution can then be calculated from the previously
described correlation.

In order to determine the ground volume and/or the ground
mass ol the quantity of cotfee powder, in particular 1n order to
determine the previously described position and/or the previ-
ously described travel path (from which then the ground
volume and the ground mass can be derived), a large number
ol possible sensor components can be used within the scope
of the present invention: thus, for example the number of
revolutions about the spindle axis of a spindle driving the
pressing element (drive with the help of a drive motor) can be
detected 1n order to determine finally the sought position
and/or the sought travel path from this number of revolutions.

Alternatively, a position-recognition sensor, based on a
Hall element, a photoelectric barrier, an ultrasound-based
position-recognition sensor or a capacitive position-recogni-
tion sensor can be used. The construction of such sensor
components or elements 1s known to the person skilled 1n the
art.

Within the scope of the present invention, 1t 1s also possible
to determine the pressing force (or the pressing force course)
during compression of the quantity of coffee powder (this can
be implemented for example by measuring and evaluating the
current consumption of a drive motor driving the pressing
clement): this pressing force determination serves to ensure
the reproducibility of the measuring conditions, by for
example a defined quantity of coflee powder being com-
pressed only until reaching a predefined pressing force and
then, upon reaching this pressing force, pressing being ended
and the filling level of the cofiee powder in the infusion
chamber being determined (see subsequent embodiment).

Finally, the coffee machine according to the invention has,
in an advantageous variant, an adjustment and control device
with which a parameter which influences the grain size dis-
tribution and/or the degree of grinding of the grinding can be
changed. For example, the grain size distribution and/or the
degree of grinding can hereby be determined firstly for a
defined quantity of coflfee powder, as previously described,
and, with the specific value, the average spacing of two grind-
ing discs of the grinder can then be changed until renewed
determination of the grain size distribution and/or of the
degree of grinding after a changed spacing produces the
desired grain size distribution and/or the desired degree of
grinding.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mnvention 1s described subsequently with ref-
erence to an embodiment: There are shown

FIG. 1 the construction of the fully automatic coilee
machine according to this embodiment (schematic represen-
tation) and

FIG. 2 an example of a correlation, used according to the
invention, between the degree of grinding of a quantity of
colfee powder and the density of this quantity of coffee pow-
der.
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FIG. 3 shows two tables for determined correlations
between physical variables.

DETAILED DESCRIPTION OF THE INVENTION

The fully automatic coffee machine represented 1n FIG. 1
only as a section has a grinder 1 having two individual grind-
ing discs. The ground coffee ground by the grinder 1 passes
via a supply portion 1a 1nto the interior of an infusion cylinder
7. In this infusion cylinder 7, the infusion piston 8 1s disposed
moveably. The infusion cylinder 7 and the infusion piston 8,
which 1s disposed moveably in the interior of said cylinder in
the direction of the cylinder axis, together form the infuser 2
of the infusion device of the fully automatic coffee machine.

Between an end-face 8a of the infusion piston 8 (here the
end-face of the infusion piston 8 situated at the bottom) and an
end-face 7a of the infusion cylinder 7, which face 1s situated
opposite this end-face 8a, the infusion chamber 3 of the
infusion device of the fully automatic coffee machine 1s con-
figured.

As the Figure shows, 11 the infusion piston 8 1s disposed 1n
the furthest possible withdrawn state (1.e. 1n the illustrated
case, pushed back as far as possible upwards) a connection
between the supply portion la and the infusion chamber 3 1s
tformed, by means of which the ground cotfee grounds can be
transferred into the infusion chamber 3. In the 1llustrated state
(infusion piston 8 displaced downwards), this connection 1s
then closed (with a closing element which 1s not shown) so
that, 1n the illustrated state, no further ground coflee can be
supplied to the infusion chamber 3.

The cylinder cover end-face 7a, situated at the bottom, or
the corresponding infusion cylinder end 1s configured 1n the
present case as a flat filter which 1s disposed parallel to the
infusion piston end 8a, situated at the bottom, of the infusion
piston 8, and through which only water can pass (aiter flowing,
through the coffee powder disposed 1n the infusion chamber
3 above this filter).

By displacing the infusion piston 8 downwards along the
cyhnder axis of the infusion cylinder 7 (reduction in the
spacing of the mutually facing end-faces 7a, 8a), the quantlty
of coffee powder K disposed 1n the ifusion chamber 3 is
compressed. In the centre of the infusion piston 8, there 1s
disposed a water outlet opening 17 to which hot water pro-
vided for flowing through the cofiee powder 3 can be supplied
via a tube 13 which 1s disposed along the cylinder axis of the
infusion cylinder 7 and leads upwards away from the end-face
8a. This water supply takes place, in the case of a compressed
quantity of coffee powder K in the infusion chamber, at sui-
ficiently high pressure so that the hot water 1s pressed through
the compressed quantity of cofiee powder K and subse-
quently, via the filter 7a, enters ito the outlet chamber 11
disposed below the filter 7a and can be discharged via the
outlet 12 connected at the bottom (which has a valve, not
shown).

With the previously described components of the fully
automatic coflee machine, calculation of the grain size dis-
tribution of the quantity of coffee powder K 1s effected,
according to the invention, 1n two steps as follows (however
also a different step sequence or partial step sequence can be
produced within the scope of the invention):

Step 1: Volume Determination

Firstly, determination of the ground volume V of the pre-
defined quantity of coffee powder K in the infusion chamber
3 of the infusion device 1s effected by the amount of coffee
beans corresponding to the quantity K being ground by means
of the grinder 1 and the ground product being supplied via the
connection portion 1a to the mnfusion chamber 3. The infusion
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piston 8 1s then pressed against the quantity of colfee powder
K at a predefined, constant first pressing force (dry-pressing
force). This first pressing force which 1s required for com-
pressing the coffee powder K 1n the dry state can be achieved
for example with the help of a spring element, not shown here.
Pressing 1s thereby ended after reaching the first pressing
force, 1.e. the infusion piston 8 1s “frozen” at the reached
position, 1.e. retained at this position, and, as described sub-
sequently, the compressed volume V 1s determined.

The compressed volume V of the quantity of colfee powder
K (or the remaining space of the infusion chamber 3), which
1s produced with the help of the stamp or the infusion piston
end 84, 1s now determined as follows: on the inner internal
wall of the upper cylinder cover surtace, situated at the top
(1.e. outside the infusion chamber 3 and above the 1infusion
piston 8), the mitusion cylinder 7 has an ultrasound sensor
clement which 1s provided here with the reference numbers
4b, 56 . With the help of this ultrasound sensor element, the
momentary position of the pressing element or infusion pis-
ton 8 1nside the infusion cylinder 7 can be established 1n a
manner known to the person skilled in the art. With reference
to this position, the filling level h, of the cotfiee powder 1n the
infusion chamber 3, compressed 1n a defined manner, can be
determined and therefrom (given a cylindrical infusion cham-
ber with radius r) the remaining volume in the infusion cham-
ber 3 or the ground volume V of the dry compressed collee
powder K can be determined according to V=h,-r*-m. For this
purpose, the corresponding position measuring value of the
ultrasound sensor element 45, 55 1s transmitted via a measur-
ing data line 14 to amicrocontroller 10. In the microcontroller
10, a portion 4a (here a memory portion of the microcontrol-
ler 10 1n which a corresponding evaluation program has been
loaded) 1s disposed, which calculates the sought ground vol-
ume V from the previously described measuring value.

In the present case, the volume-determining portion 4
according to the mmvention hence comprises the ultrasound
sensor element 4bH, 5b6, the measuring data line 14 and the
portion 4a of the microcontroller 10, and determination of the
sought ground volume V takes place via evaluation of the
level of the ground coffee cake on the basis of the infuser
position or the infuser travel path. The above-described, con-
stant first pressing force (dry-pressing force) 1s for example
100 N.

In the embodiment, the collection chamber which 1s used to
receive the quantity of coffee powder K to be evaluated 1s
hence 1dentical to the infusion chamber 3. As an alternative
thereto (not shown here), also a separate collection chamber,
in which then the quantity of cofiee powder can be evaluated
in a corresponding manner with respect to the ground volume
V (and also with respect to the ground mass M, see subse-
quently), can however be used.

As an alternative to the 1llustrated embodiment, the infuser
position or the volume of the infusion chamber 3 can however
be determined also by determining the rotation of a spindle or
ol amotor driving this spindle (in this case, the infusion piston
8 1s designed as spindle; the infusion piston 8 1s hence moved
up and down 1n the infusion cylinder 7 by means of a thread
movement). For this purpose, a Hall sensor which determines
the number of revolutions of the motor with the help of a
magnet {fitted on the spindle can be used.

In further alternative embodiments, the ground volume V
of the quantity of coffee powder K in the infuser can be
measured also directly via a photoelectric barrier or a capaci-
tive sensor. Such sensors also are known to the person skilled
in the art.

In the step for volume determination according to the
invention, the infusion chamber volume or the ground volume
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in the infusion chamber (for example in cm”) is hence deter-
mined from the infuser position. The sought degree of grind-
ing or the sought grain size distribution of the ground coffee
influences this volume.

Step 2: Determination of the Ground Mass m

By means of the tube 13, hot water (or even cold water) 1s
now supplied to the (already compressed) ground cofiee K in
the infusion chamber 3 via the outlet 17 which 1s disposed
centrally in the infusion piston 8. With this, the ground coffee
grains swell up so that, 1f these swollen grains are compressed
at a suiliciently high force, the sought mass of the quantity of
ground coflee, irrespective of the original (dry) grain size
distribution, 1s proportional to the compressed volume (or to
the filling level in the infusion chamber). After the water
supply, the already compressed, wet ground coflee 1s hence
turther compressed by means of a predetermined second,
constant pressing force which 1s greater by at least the factor
5, preferably by at least the factor 10, than the pressing force
chosen in step 1 . This second pressing force 1s also produced
with the help of the (not shown) spring unit of the infusion
piston 8; the second pressing force 1s hereby significantly
greater than the (dry) pressing force chosen 1n step 1 . For
example, a value of 1,000 N 1s used for the second (wet)
pressing force. There then applies for the sought mass m:
m~V=h,r*rt (with h2=the determined filling level in the wet
state). Preferably, the ratio of wet- to dry-pressing force 1s
approx. 10 to 20 (wherein this ratio, regarded theoretically,
given a sulliciently large dry-pressing force in order to
achieve a compact, reproducible dry volume, should be as
large as possible).

As described above, after further compression of the
ground colfee K with the help of the ultrasound sensor unit
4b, 5b, the still remaining imnfusion chamber volume of the
infusion chamber 3 or the wet-pressed volume of the quantity
of colfee powder K 1s determined again. For this purpose, the
sensor unit 45, 3b emits a corresponding measured value via
the measuring data line 14 to a further portion 5a configured
in the microcontroller 10 (this further portion 5a 1s also
designed here as a memory portion of the microcontroller 10,
which portion 1s loaded with a suitable evaluation pro-
gramme).

The mass-determining unit 5 1n the present case hence
comprises the sensor 45, 55, the measuring data line 14 and
the portion 3a . Hence the embodiment produces a case in
which the volume-determining portion 4 and the mass-deter-
mimng portion 5 are formed by one and the same physical
component. However, also different components can be used
to form the volume-determining portion 4 and the mass-
determining portion 5.

The sought ground mass m of the cofiee powder K com-
pressed 1n the infusion chamber 3 1s now calculated as follows
from the determined wet-pressed volume (second infusion
chamber volume): 1n a memory portion of the calculation
portion 6 designed as part of the microcontroller 10, a pre-
defined table (for example: look-up table) A 1s stored. This
table A describes a correlation between the mass of ground
colfee powder, on the one hand, and the wet volume of the
colfee powder which 1s thus ground, on the other hand. After
supply of the corresponding wet measured value of the sensor
4b, 5b, via the measuring data line 14, the portion 5a and the
calculation portion 6 can hence calculate the sought ground
mass m (for example: mass calculation in g) on the basis of the
table A from the detected wet volume.

For production of the predefined table A, a known mass of
ground coflee 1s introduced 1nto the test vessel (here: infusion
chamber 3) and, with the addition of water, a constant force
(as previously described here: 1,000 N) 1s applied via the
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pressing element (infusion piston 8). During the force etiect
(or 1f a further reduction 1n volume 1n the infusion chamber 1s
no longer effected, 1f therefore the compressed ground collee
olffers so much resistance to the infusion piston that the infu-
s1on piston comes to a standstill), the level h, 1s determined as
previously described. From this level, the associated volume
V of the known mass in the infusion chamber 1s produced then
as previously described via V=h,, 1> .

This process 1s repeated with constantly the same force
(e.g. 1,000 N) and variable ground colfee masses. From the
results, a linear equation 1s subsequently obtained (by means
of mathematical fit methods known to the person skilled in the
art), with the help of which the sought mass m can be deter-
mined 1n the calculation portion 6 from a value of h, (or the
associated volume V) which i1s determined during pressing.

FIG. 3a shows an example of such a calculation table A.

After the two values, ground volume V and ground mass m,
have been determined or calculated, determination of the

sought degree of grinding or the sought grain size distribution
1s then effected as follows: the ratio m/V 1s formed, 1.e. the
density of the quantity of collee powder K (for example 1n
g/cm?) is calculated. In a memory portion of the calculation
unit 6, the correlation Z (for example likewise 1n the form of
a table or look-up table) between the grain size distribution
and/or the degree of grinding of ground cotlee 1s stored, on
the one hand, and the density of the ground coflee, on the
other hand.

FIG. 2 shows an example of such a correlation Z, stored 1n
a table, between the grain size distribution of a quantity of
colfee powder K (in the form of the degree of grinding) and
the associated density of the quantity of coffee powder.

In the cofiee machine software, for example on the basis of
a formula derived from experiments, a look-up table Z can
hence be stored, with which table a grain size distribution can
be assigned to each determined density value.

The calculation unit 6 therefore calculates the sought grain
s1ze distribution or the sought degree of grinding on the basis
of the formed density value mN from this table Z.

For determination of the correlation Z, ground coffee of a
known mass and a known grain size distribution (or with a
known degree of grinding or X, , value) 1s introduced 1nto the
test vessel (infusion chamber 3) and a constant force of for
example 100 N here 15 applied via the pressing element (infu-
sion piston 8). As described previously, no water 1s hereby
added (dry-pressing). During the force etffect (or 1f the com-
pressed, dry ground coflee offers so much resistance to the
pressing element that the latter no longer moves), the level hl
1s determined as described above. The volume V 1s calculated
from the level h, according to V=h,r*-m. Since the mass of the
ground colifee 1s known, the ratio mN and hence the associ-
ated density can be formed.

This process 1s repeated with constantly the same force
(100 N) and ground mass and with variable grain size distri-
butions (or X5, values). The smaller are the graduations
thereby of the grain size distributions (or of the X, , values),
the more precisely can the calculation be effected later. From
the results, an equation can subsequently be generated with
the help for example of a polynomial-based fit method (cf.
FIG. 2), with the help of which equation the sought associated
grain size distribution (orthe X, , value) can be determined in
the calculation portion 6 from a ratio mN. FIG. 2 shows a
corresponding correlation 7, FIG. 35 shows the associated
measured values as an example.

In order to minimise a possible scattering of the result, the
determination of the density can be repeated several times
according to the mvention, as described previously, an aver-




US 9,066,621 B2

9

age can then be formed from the thus determined density
values and can be used to calculate the sought grain size
distribution.

The fully automatic coflfee machine of the embodiment
has, 1n addition to the previously described elements, an
adjustment and control device 9 (which 1n turn comprises a
servomotor, not shown). This adjustment and control device 9
1s connected to the calculation unit 6 for data exchange (not
shown). On the basis of a grain size distribution determined as
described previously, the unit 9 allows adaptation of the spac-
ing of the two grinding discs of the grinder 1. If hence the
determined grain size distribution shows an undesired value,
then the grinder 1 of the fully automatic coffee machine can
be readjusted on the basis of this value. By means of renewed
determination of the grain size distribution, as described pre-
viously, and possibly renewed control with the unmit 9, a
desired adjustment of the fully automatic colffee machine
with respect to the degree of grinding or the grain size distri-
bution can be undertaken gradually and automatically.

On the side 8a of the infusion piston 8 which 1s situated at
the bottom, 1.e. orientated towards the infusion chamber 3, the
tully automatic coffee machine of the embodiment has 1n
addition a pressure sensor 15, the measured values of which
can be transmitted to the microcontroller 10 by means of a
data line 16. This sensor 15 serves for determination of the
momentary pressing force (for example the dry-pressing
force or wet-pressing force described previously) and hence
for switching off the pressing after reaching a predetermined
force or for ensuring reproducible measuring conditions. As
an alternative thereto, the pressing force of the infuser can
however also be determined via evaluation of the current
consumption of an infuser motor which 1s used for pressing
the infusion piston 8 against the quantity of coffee powder K.
A piezosensor for example can be used as sensor 15; also
other direct force measuring methods are possible.

Relative to the previously described, known possibilities
for determining the grain size distribution, the present mnven-
tion has a series of essential advantages:

A saving 1n ground coffee and time thus results according
to the mvention since, 1 a successive process (the above-
described two steps), both dry-pressing and wet-pressing can
be implemented with one and the same ground coffee and
with a low time requirement.

The previously described measuring process can also be
implemented during the cofiee infusion so that the possibility
exists, even during the infusions, of checking the degree of
orinding and possibly making an adjustment.

By means of the previously described adjustment and con-
trol device, the espresso machine or the fully automatic coffee
machine can be adjusted automatically to a desired degree of
grinding or be readjusted automatically in the case of changes
(e.g. when using a different type of beans and/or when the
grinding discs become worn).

The grain size distribution can be determined and adapted
rapidly and simply, and without-additional aids.

Together with the grain size distribution, the milling char-
acteristics, 1.¢. the dependency of the degree of grinding upon
the grinding output 1n g per unit of time, can be determined in
one process: degree of grinding and mass are determined as
described above, the grinding output 1s obtained by simple

time measurement.
The thus determined milling characteristics can be used for
example to mndicate and to adjust the amount of coffee used 1n

.
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Specimen scatterings of espresso machines or fully auto-
matic collee machines (for example on the basis of grinding
disc tolerances) are now easy to deal with and can be applied
to a robust grinding process.

By means of cyclical, automatic testing, the running-in
and/or wear behaviour of the machine or of the mill with
respect to the grain size distribution can be detected and
corrected. Also an increase or a decrease 1 the metering
quantity (quantity of ground coffee ground per unit of time)
can be detected automatically and compensated for via soft-
ware by means of a shorter or longer grinding duration, for
example by increasing correspondingly the length of the time
interval of the grinding by lowering the quantity of ground
colfee ground within a defined time interval.

Via the determined grain size distribution, a prognosis for
the infusion time can be produced; also pre-treatment meth-
ods (for example relating to the type of wet-pressing) can be
proposed: the less the determined degree of grinding or the
X«3 » value, the higher can the infusion time be adjusted.

Adjustment limits can be determined and exceeding these
limits can be indicated. Hence mechanical mput 1n the
machine can be dispensed with; likewise manual weighing of
the ground coftlee.

The mvention claimed 1s:

1. An espresso machine or fully automatic coffee machine,
comprising:

a grinder and an ifusion device comprising an infuser and

an 1nfusion chamber;

a volume-determining portion designed to determine a
ground volume of a quantity of cofiee powder, ground
by way of the grinder;

a mass-determining portion designed to determine a
ground mass of the quantity of ground cotlee powder;
and

a calculation portion having a memory portion with a first
predefined table (A) stored therein that describes a cor-
relation between the mass of the ground coffee powder
and the volume of the ground coifee powder, and a
second predefined table (7)) stored therein that describes
a correlation between a grain size distribution of the
ground colfee powder and a density of the ground cotlee
powder;

wherein there 1s calculated from the ground volume and
ground mass a group consisting of 1) the grain sieze
distribution of the ground cofiee powder and 2) an X5 ,
value degree of grinding of the quantity of ground cotfee
powder;

wherein 63.2% of the grains of a given grain size distribu-
tion have a smaller size than the x, , value.

2. The espresso machine or fully automatic coffee machine
according to claim 1, further comprising a collection chamber
which 1s designed to recerve the defined quantity of ground
colfee powder, and a pressing element which 1s designed to
compress the defined quantity of coffee powder 1n the collec-
tion chamber.

3. The espresso machine or fully automatic cotfee machine
according to claim 2, wherein the infuser has an infusion
cylinder as the pressing element, an infusion piston which 1s
displaceable in the infusion cylinder and the collection cham-
ber being the infusion chamber configured 1n the nfusion
cylinder between one infusion piston end and the infusion
cylinder end situated opposite the infusion piston end.

4. The espresso machine or fully automatic coffee machine
according to claim 1, wherein the volume-determining por-
tion 1s designed to determine a position of the pressing ele-
ment after pressing of the quantity of cotfee powder and/or a
travel path of the pressing element during such pressing and
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to determine the ground volume of the quantity of coffee
powder on the basis of the position and/or the travel path,
and/or the mass-determinming portion i1s designed to determine
a position of the pressing element after pressing of the quan-
tity of coffee powder and/or the travel path of the pressing
clement during such pressing and to determine the ground
mass of the quantity of coffee powder on the basis of the
position and/or the travel path.

5. The espresso machine or fully automatic coffee machine
according to claim 1, wherein the volume-determining por-
tion 1s designed to determine a position of the pressing ele-
ment after dry-pressing of the quantity of cofiee powder
and/or a travel path of the pressing element during such
pressing and to determine the ground volume of the quantity
ol cotlee powder on the basis of the position and/or the travel
path, and/or
the mass-determining portion 1s designed to determine a

position of the pressing element after wet-pressing of the
quantity of coffee powder and/or the travel path of the
pressing element during such pressing and to determine
the ground mass of the quantity of cotlee powder on the
basis of the position and/or the travel path.

6. The espresso machine or fully automatic cotlee machine
according to claim 5, wherein the ground mass of the quantity
of coflee powder being able to be determined by firstly the
position of the pressing element after wet-pressing of the
quantity of cofiee powder and/or the travel path of the press-
ing element during such wet-pressing being determined,
thereupon, from the position and/or the travel path, a wet-
pressed volume of the quantity of collee powder being deter-
mined and finally, from the determined wet-pressed volume,
by means of a predefined correlation between the mass of
ground coffee, and the wet volume of the ground cotfee, the
ground mass of the quantity of coflee powder being calcu-
lated.

7. The espresso machine or fully automatic coffee machine
according to claim 2, wherein the compression of the quantity
ol coffee powder in the collection chamber can be accom-
plished with a predefined pressing force course, and/or

the mtusion device 1s designed such that, with the pressing

force course, the quantity of cotlee powder can be com-
pressed optionally 1n a dry state or 1n a wet state.

8. The espresso machine or fully automatic cotlee machine
according to claim 2, wherein the compression of the quantity
of coffee powder in the collection chamber can be accom-
plished with at least one constant, a predefined pressing force,
and/or the infusion device 1s designed such that, with the
predefined pressing force, the quantity of cofiee powder can
be compressed optionally 1n the dry state or 1n the wet state.

9. The espresso machine or fully automatic coffee machine
according to claim 2, wherein the compression of the quantity
ol coffee powder in the collection chamber can be accom-
plished with at least one constant, a predefined pressing force,
and/or

the infusion device 1s designed such that, with the pre-

defined pressing force, the quantity of coffee powder can
be compressed optionally in the dry state or in the wet
state;

the quantity of coffee powder being able to be compressed

by the pressing element at a predefined constant, a first
pressing force in the dry state and/or the quantity of
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collee powder being able to be compressed by the press-
ing element at a predefined constant, a second pressing
force 1n the wet state.

10. The espresso machine or fully automatic coffee
machine according to claim 9, wherein the second pressing
force 1s greater than the first pressing force by at least the
factor 5.

11. The espresso machine or fully automatic coffee
machine according to claim 2, further comprising a spindle
which can be moved by means of a drive motor and drives the
pressing element, the number of revolutions of which about
the spindle axis can be detected, a Hall element-based posi-
tion-recognition sensor, a photoelectric barrier, an ultra-
sound-based position-recognition sensor and/or a capacita-
tive position-recognition sensor, by means ol which a
position of the pressing element after pressing of the quantity
of cotlee powder and/or a travel path of the pressing element
during pressing of the quantity of coflee powder can be deter-
mined.

12. The espresso machine or fully automatic coffee
machine according to claim 2, wherein a pressing force and/
or a pressing force course of the pressing element can be
established, the being able to be accomplished by measuring
and evaluating the current consumption of a drive motor
driving the pressing element, and/or the pressing by the press-
ing element can be frozen 1n a reached state upon reaching a
predefined pressing force.

13. The espresso machine or fully automatic coifee
machine according to claim 1, wherein the volume-determin-
ing portion, the mass-determining portion and the calculation
unit, the ground volume, the ground mass and therefrom a
density of one and the same ground quantity of cofiee powder
can be calculated several times and/or the ground volumes,
the ground masses and therefrom densities of different quan-
tities of ground coflee can be calculated, a density average
can be calculated from these density values and 1n that the
grain size distribution and/or the degree of grinding of the
quantity(ies) of colfee powder can be calculated from the
density average with the predefined correlation.

14. The espresso machine or fully automatic coifee
machine according to claim 1, further comprising an adjust-
ment and control device for changing a parameter of the
grinder which influences the grain size distribution and/or the
degree of grinding of quantities of coffee powder to be ground
by the grinder with reference to the grain size distribution
and/or the degree of grinding determined for a defined quan-
tity of coflee powder, and/or

the volume-determining portion, the mass-determining

portion and/or the calculation portion have a plurality of
common component(s) and/or are designed as a com-
mon component assembly of the espresso machine or of
the fully automatic cofiee machine.

15. The espresso machine or fully automatic coifee
machine according to claim 1, wherein the volume-determin-
ing portion and/or the mass-determining portion 1s designed
to determine the ground volume and/or the ground mass of the
quantity of coflee powder present in the infusion chamber.
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